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Abstract: 

PROBLEM TO BE SOLVED: To provide a semiconductor device and its manufacturing 
method, which has the structure of an ultra high-speed double-gate SOI-MOSFET and can 
avoid the increase of its manufacturing cost and moreover satisfactorily receiving the 
increase of the mobility of its charged particles due to the double-gate SOI-MOSFET 
reduced to a thin film. 

SOLUTION: After forming in a single-crystal silicon substrate a cavity 102 having an 
arbitrary shape, and while keeping intact the cavity portion, a lower gate insulation film 201 
and the substance to be changed into a lower gate electrode 202 are formed on the inner 
wall surface of the cavity. Thereafter, the single-crystal silicon layer, present in the upper 
portion of the cavity, is processed in the form of an element region. At this time, an island- 
form single-crystal silicon layer constituting the element region is supported by the 
substance, to be changed into a lower gate electrode. Then, after processing and forming a 
first gate electrode on the element region, by using the first gate electrode as a mask, an 
impurity is so introduced selectively into the substance to be changed into the lower gate 
electrode as to be passed through the silicon layer which constitutes the element region. As 
a result, the substance to be changed into the lower gate electrode is changed into an 
insulation layer in the region, other than the region masked by the first gate electrode. 
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K±K»)5ESftfci6-0>y- M6*)Bt*-©^- ^® 

4«6«TT4 CtS«f«ttSMOS F ET*»#« 

[Ij)cS2] MM1E*<B¥#«^«K*3^T. « '° 
&(D±fBMOS FET¥»f*««rt*«eUfcm— 

[MM 3] B*flIlE««)*W*SEllK:*^T, * 

n?n^<D±m\zimm i fet&^Mo s f et«$ 

[MM4] M*«lE*<Z)¥»*^|tJCi5^T, ± 

[MM 6 ] MM 1 E««)*»*J6««ifi*tt^* 
^T, ±Efflfltt>'>J3>aiWr«ft©hU>5 L *»j« 

[MM 7 ] MM 6 EISw^WfrSitKifiiFtt^* 
t^T, Mx<&y-h«««*£SrtttfC««U 

[mm s ] mm 7 E*^¥W*s6«Hia*ftic* 

»ZC5y-Hitt*U yU3>T*0, ±E* 

a. 

MM 9 ] MM 7 Eft0¥W{*£KHi&2r 
[MM l o ] MM 7 E«<&¥Wf*««MiB:£ttK 

[»W(&fiMIBttIMJ] 
[0 0 0 1 ] 

[»WaHT*tS*#»J *«9Htt. 

<tCyUa>-^>-<>yal/-^ (SO 

i) fl?i2<75j@iSiiB»5a«:Sh7>> ? x^-- cars 

O I -MOSFETtBSE-r^) Rtf'tngLfiUjfetzm 
[0 0 0 2 ] 50 
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|*B*T*aMOSFET©«IBftt#xfc»&, Ctl 
JCtta^&ffla^-S. MOSFEKDff* 

T ttttffctti*^*^ 6 te^tt U T L £ -5 

[0 0 0 3 ] ^<7>«ttBHB«C»LT, yUn>-t>- 
-f >->zlU-^ (SOI) fgiS'vCDL S I iHlgSOHig^ 

#<0«*#*l3£S£{fcS-B\ MOSFETgKDWfci: 

^ici**^* (ST I) SffiSfflt^^tT. 
SOIgl^i^IH sK^»l£«««ttS:i|UCX*y 

ttiBiWW&atu ^r^MS&Kte. *SSR«(Z)/hatt. 

j&Ul#U MOS FET^-^COiSiifb^iS^an^Ci: 
jd^ntlT^^o [S. Takagi, et. al. J 
pn. J. Appl. Phys. . Vol. 37, p. 

1 2 8 9 ( 1 9 9 8) ] 

£ btc, i^ft^y'J3>I^±T^by-KJ6i 
hSOI-MOSFETWMtS^t-C, y'J3>i 

^^<7)x^;u^-SSiB^Saic»l^$n. Hi*. 

MO S F ETO)ffiS6^tiXfS^±(Dj6j±^ji*n^. 
[M. Shoji et al, J. Appl. Phy 
s. p. 2722, (1999)] flPX.T> d<7)tfti£te 

)a^r*^*<^im»J(c»UT**>»T*rssTy- hs 

2 0 nmHTW5Rf ^Sfe^T*^. [X. Hua 
ng, et al, I EDM 99, p67 (199 
9) ] 

-<>~>3.U-* (SOI) WliBO*SHtt£tTOct5 
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[0004] s-c, soi«a**anfc»i:n 

ffi*SOIwaf erSffl^WW, SOI waf 
erlibu 1 k silicon wafer (CitLT 
3A h SB CO 5 wa f e rf^fiSclCff-5JS H B B^R§^)?gA 
*ftn»tt^. SOI waf erttiRfflt*W$i 
wa f e r ±£<D&mz&&Xf6t>*WtEls'Z , b* - 

J;oTwa f e r ^S(I^/coTISh s h^R6^^^^ 
fiKU< Wffll-rs^ST&^USO I wa f e r <OSlig£t£ 

[0 0 0 5 ]»n:, «i>»ie«*> , J:3>JII*±T (S 

yija>wafe r .Ltcltfflcofg-coy- hti^M 
Uft*. dCD±(C CVD»{fcRfc£<DlMflE*JMB 
b. $ bfCCn^:¥SibL/, fitlATiKOw a f e r £r± 
TSgLT, y— h£^bfcS— ©¥«f££E£T«:: 
L U 3 >w a f e r Cttt L, 31 #1* 
S-(Dy'j3>wa f e r ^WlOMBitL. M^zs 

[0 0 0 6] b**U C(7)cfc-5&^ffiTti. fzfz~V£ A. 
fEtiLtomL^toO&tiltSO I wa f e r SK^^fP 
O^^n^wa f e r*i^tSILTt»5Ctl:& 

^ 1 i t h o g r a p h y XStCiSS^fifflrt*^ 

[0007] cKDct-s^Hjat^iHijS-r^fcAtr. £-rs 

O I wa f e r ±co v U n >HS»UiH±tcSiHJ!lUX 
U C©y'j3>©Bt«5ct5i:CVD *U'>'J3 

K£WOB#<0**«bTR I EftlXltfoSLT, ">'Jn 

[0 0 0 8] L**U rcDcfcOTi^^Tfi, SfSOI 
wa f e r±(7)v l J^>H&»^iffi±tC»PX-rSCi:^ 

R I EUaXTX^Srffiffl Lfcttfttf&6"ri i thog 
r a p h y xeiIjaSO)ftffl*^*^^ttta<Wi:H« 
^bCv'J^yf tt>i«^R I ElCOSHBa 



iW^>, MOSFETcoe) tiSOIwa fe r 
GOv'J nXglKE, S»5^ttR I EJjHXStfBTJg^Sti 
T&D. fft(OB(Z)MOS F ETSr»J5E"r^C<h^T€r 

an. spat, ">u3>B»fi**fc<ry-h«*«)» 

ffiMffl&y— KmffiSUXfflUvX h/^->S:Kt5C 
<hteHb<* R I EflnXI**Xgt>. ->»jn>»»ffi« 

#)Ti£5iIiRitCQR I EXgSrS^PflJSa^ttntf^^-r 

?\ throughput ^{ST-f^o CCDmffite* ^ 

r i EtuT.m^-r^m^hmmx'&^ctm^^X'h 
u^o &rz, ^isdtevfcufcv-x/ ku< >r&mzn 

[0 0 0 9] 

0, IRftUfc^y- h SO I - MOS FETCi 

K&Wmi'TmgijMSO I -MOS FET«Slcfc^ 
ti-^ttwHiSxettSft^lt^tTSt^^HB^ 

[0 0 10] #38 9! ft. ±fBCDj;~>£j:* ft 

£{&£b. ansftufc^y^y-hso i -mosfe 

TJ;:J:£^fi>jgco^*£¥:2boo, bfrfc. SSiSux 

OSFETJUiS, RZ£. ra^W*««<Z)«ifi^ffi*«« 
b£? tt^^^T^^o 
[0011] 

T»y-M6»». fcctV, TWy-N««ttt* 

-<oy- hfitch^cy^^y- h so 1 -mos f 



(4) 



2 001-257358 



5 

3>K^eSl£«fPfflfwcfc0, flMOtt t renchli 

mmzBtiLlTZ C ttfnfflET* 0 , SOIifiSffl^i 
^if:«t§3XM#> ^ H B B *R&<£>?gA£K.il:U ffiH 

[0 0 12] ^Ua>rt^fHiiK»tt$tlfc»TJgricT 10 

[0 0 13] rtSB^JH. 43«fctf, T»5r— hMflWE* 

[0 0 14] »-<&y-h««£v*47«iLTT8B« 
ffi!»K^^*E!» (fciiAtf. £^A «^t>a 

A) Ldn**»«cft-r-5. £<D«»*fttti8**WA 

Pnl^a 1 1 i g nme n t ti#gfc<fc£. f 1 ^ 30 

[0015] m-a>y- hms^vx^«iLTT3iim 

[0 0 16] T3Sy-h*S«J««»K**J«T*^»-3 
[0 0 17] W- h«Ii*Wt»rtf 
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[0 0 18] TS8y-h««tt±«y-H««t3>^ 

KirrasTR i Esnx&sfiittfeiswtc^TT*. 
[0019] fr<x* m^r*)y&)&v>tet<^ s^ffijg 

(Dm^My^^f — h (Double-Gate ) S 
O I MO S F E TjWHffilC^Siatl*. 
[0 0 2 0 ] 

■>U3>ss±i:. ^yjuy-hso imifiroaHaM 
o s f e t t»jat-r-&iB*ttBifixii«:jiS'r*. 

[0 0 2 1 ] 01-all */'J3 >4^f£S<£ 10 0, 
hU>f 101, S*-T»fffiBI»0T*«). «IBtthU 

[0 0 2 2 ] H 1 - bUL Bl 1 - a (DfSig 
IflgtTl 1 0 OtT'Mll^Mbn^rtS 

-^tpi i o 2 £*-r«ts,*tt0T*5. an A: hi/>f i 
o ui^ffiJitCcfco^^Liss^'-rsctTrtaRSiH i o 

^y'JayllOS^M^^. ^©I5$tlih 
U>^1 0 KEte^RaPHd. hl/>fSr, <h t = 2 
7. 83r3/d2il^iiC^5:^abnt^ 
[T. Sato, et. al. IEDM-99. p 
5 1 7, ( 1 9 9 9)] ^nbWA^/^-^WbT 

oa. (c?^^ft"e#^^ch{i^^^"r 5: b^:^o f^fc, 
rtaB^^iif-SBBu 104^RI E<7)ct ote'AKW^ 

[0 0 2 3] §2H El 1 - bO«iStdBBP3Sl 04=& 
iffiUT* T?H5y- MfiM^LT. WAtfSftSfkK 2 0 
lSHAtfSOA. 7^-^11^12 0 2. M 
^L«««tt^«s«I*fiAL/*:# U ~> U 3 >€rfl*J*.tf 1 0 
0 OASW^-tfCVD (Chemical Vapor 
D e p o s i t ion) f££ffi 1>TI*|HB39H 1 0 2 <7) 

ftSStKHMBTftS. C V D (Ccfc^tf 'J ->U ZJ > 
0)*tSlttrtKnii*w»oTi^— (conformal) H 

^>o c^ig^i ooo aw^'J i/yn^iftsna 

Ct«C«fc0tt2 2 0 0AWj»KfblR>5«**Sn«><DTa 
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mcznz&oiz^T&v&u&tf^K m^ma^ 

1 0 4<D&&2 0 0 0AiLT^< C£T 1 0 0 0A<£># 

■J n >^n^nco^|g(c l Kcac VDXfUCJ; o*s« 
tsctt>T#5. cvDS^i&, ±a»tefts/>jn 
>/i i o 3co±{c^#u '/'J3>»«ni)^cn 

[0 0 2 4] H3I1 H2<D*ifil::fc^U ±^^h b b 20 
yij3>110 3^^^^^ 5 ^/^^n^^m^3 0 

in T^y-h^fb^2 o i a** : F««a**<0Sf# 

tlttit^^TL i t h o g r a p h yr££3<£^R I E 

y'j3>il 0 3 S^StSC^tSS^MTSS. 
[0 0 2 5] 0 4 11 13©*2l:Wl/. if^v'Ja 

>*^»«3 o i ±©^^*^««3 o 2 **tr«l«(c: 

0 2 6ttI»filcLfc»fl)(rjiiMa6St. ±»y— h 30 
1S4 0 1 t»ISi->'J !3>3iHHgtt3 0 1 pa<c«±?ffi 

y-MB*H4o 3/)W^ntv^o ±aBy-h*e» 

gg4 0 3B±«#eay'J3>ll 0 3£0J;ttfSi£fl: 

c(?)<h#, ma«i o 4t»it r*T*y- h 

«2 0 2. Sftiig^<fco^±tcJ*iBsn^o c ± 

#JAt£l 0 0 OA, 2 0 0 0AfnfnPUtfCVD 40 
i££ffl^T*6iaU Li thograph yi£*5j:tfR 

rncDf- h««»«jciwx»j*'rs c (htss^n^o 

H a a y'ja>«f«3 o usi*KDa«ict>gi#ai$nT 
sac, H*ttL&^^ hmm<DmNimm% 

*^ ra ic * o t»j* s n* c 1 1 * * . i; 
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[0 0 2 6 ] 3l#JSct*, S5fC*TJ:5(C±SI5y-hm"" 
S401, t7X^tt4 0 2, SrPJfflLT, 04(C^$ 
n^ffiig^tCfc^UT, Si5 0 1^<t>ttA«o 
ftAStel 0 0 0k<D7$*Ji/i)^>&mtTZ><DlZ>&g: 
ftdose, :oS§lxl0i8cm-2, 

n^o -r^>ftA^x^;u^-t4t5</^> , J^>® 3 o i 

0)V-X/HK>a«3 0 3, 3 0 4£SSU TSK 

s<i^K2 o 2 \zm-?z>&oizmB-t2>. $fc&3M'* 
/ii7x^«4 o 2Tig6n. ±3py-hm®4 0 1, 

t^lT^fByU 3>f t^3 0 2, T»y— H 

msttiwteiiL&^o ±»y-htS4oi 
3, 3 o 4(c(4*s H s B^^^^^^n^>^\ «(o»ffla-c 
^^;u^^^m^ H B BT^n^^:^^ft:§i^so i -m 

OS F E TTtt»& U - ? *i«t*«Itt&^. £ 

«U COA-yyr-H^btcK^aA^ff S^fcfcT 

[0 0 2 7 ] $6(3, Eied^TJ:?^ l^5CDtgi£{* 
£?FBttSH«. 0]*tf7;U^>flHa*T0J*-tf 1 3 

sotrsfflsu s^waA^tifcTSKy- mm 
tt*s*^#M*ffcBi6 o i t~^t:£-t*£. 
s«y- Mi4 o i icsEg^wicTaBy- h*«6 o 
2*<jBdcsn-5. mTft$&fimmz^-nrz>o z. 
(Dtz. *g H s H yU3>$fM3 o i tT^n&ym 

2 0 2 t^BCJBrtSftTt^Tay- K*&S{fc!K2 0 

i^mm<D^m^m±\^mfs^> t )^>m z f'm^L3 o 1 

SBfCWIffiLitTSBy— Mi6 0 2©-fi£2<tH. ±nl> 

1 0 2 ^S^$^^C<hT^ : f'^:^^^oi:^^m^^ 

[0 0 2 8] O^T\ 4iai<7)^teO-5%xft*W&A^£"C 
y-X/HK>»«3 0 3. 3 0 4 {Cpftgc^Stt^F 
*41%)^aAL. my-hSOI MOSFETWIiS 
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[0029] ctuzzizmz. teftn&Wizm^T. sb 

[0 0 3 0 ] ±IS, ^5SW2, #U y'Jn>i:^^rtt 
ALTf bn^y^-hSO I MOSFETWS® 

<jgT*£U Ge^f^^CF^goTc h a m i c a 
1 dry e t c h i n g(BU— h&i§lra2-t±"T3By 

[0 0 3 1 ] *fffi^)Sffll,T, ±»y-n« 

^fcfflftii^ESSr^^y— h SO I MOSFET 20 

[0 0 3 2 ] 

tf. Sefiy'J 3>a«JC«ffl*: t r e n c h&&&M 

goto: so i*«*j«xat«a*»*%<. *s» 

[0 0 3 3] *»#MSBrtiC«fta)|*i»fflfl«:»J«r* 
Ct^artBTfcO. bulkSMOSFETS 

H-*«-ttcig«"f * - 1. h *imT*&z> 0 

[0 0 3 4] 2*mizm£2>K$:B!llL>, CC*6CVD 

6xatitjsirr'6cttt<jiff pidBtttft- 

[0 0 3 5] £HK5*MD»<O^J£*B»LTBi£<0 

**rtBBf snsosKCct *«ts c v d ih 

[0 0 3 6] *fcffl}Htttt*(0«ttlC»jacT**a)T, 50 
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[0 0 3 7] S-roy-htSSV7?tttLTTOT 

±Ty-hiSra<7)a 1 1 i gnmen ttt#fitt<& 
[0 0 3 8] S-CDy- h«ffi*^X^«<kLTTSI5« 

[0 0 3 9] 5R^««S»«'r*"> l J3>Ht4W^<OT 

[0040] ^«*8iA(ciisanTt^B«tty— 

[0 0 4 1 ] 8^#Al:»t 0 , ^(DteTRaK** 

BSflMMT**. 
[0 0 4 2] T*y- htitMW^Mt^C^o 

^t, rt»'^»*a«6s< s-r«wC(^af»sa?f sit* 

[0 0 4 3] TWy-h*»IR«tUTJftaftlR**<lffl , r 
[0 0 4 4] T^y- MtSMtjS^Mt^C$>9 

[0 0 4 5] T»y-h««tt±«y— h««<k3>^ 
? h^/S<0^^cD^l^mbSK^^T#^TlHj^«JCflPX 

[0046] ±»y-h«*«iys-/^^->e»j«T 

y- h SO I MOS FETi:R]P#tC^/S-r^)C<h^nJ 

[Hi] #BWO)*«W*«fiBjfittfcBl?Br**fKBI* 
[12] *K9J^^«*«B«jSSteSSft^-rsWrffliH«: 
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[14] *«^©##*«««ifiife*8l"W-r*WfffiHS 
[0 5] *fe^05*##«««jfite*ttWr4»fBB«; 

100 -> 'j a >#^{£St£ 

101 ->'j 3 >*w*s*(c* : f «napfctifc»a h 

i o 2 «H t ttc*fcnfc«n n/>f***»iat" 

TiSiat -5 C <h iC ± oTISli 3 tlfe -> U 3 >S18(*J'£ 
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*->'j3>li 

201 Tssy-H«6»KtL-c»is£anfc->ua>a 

2 0 2 T(W- htittt l/T»*Sftt#U S'U 3 

>m 

3 0 1 *m*««*J«T*»#WISS>' l J 3 >■ 
3 0 2 J-vZ-frmtg. 

3 0 2. 3 0 3 V— A/h'H>SS^ 

4 0 1 ±»y- hti*41"* 'J -> 'J 3 > 
io 4 0 2 ±«y— h®ffi±IC^X^**<hUT^fifc£ftfc 

-> u 3 >^fks^ 

403 ±»y-hiawa£u-c»j«sttfc>'U3>* 
{tug 

5 0 1 KsSSHT 

6 0 1 iR^lRSJgflc-rs -> 'J 3 > 
602 T»y-h«S 



cm i ] 



101 



ooooooooooo 
ooooooooooo 
ooooooooooo 



\1 



-Ml 00 00 00 0 00 0 



IOO 





102 




202 
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